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ND license.1. Introduction
The discovery of new efﬁcacious antifungal agents is one of
humanity’s most vital tasks. It is an enormously demanding
activity that requires a vast range of scientiﬁc knowledge and
great persistence. These encourage researchers to discover, de-
velop and synthesize new efﬁcient, active and less toxic mole-
cules for systemic activities (Johnson and Li, 2007; Tan
et al., 2004). Concerning the agricultural area, Fusarium
oxysporum species are one of the most important fungal
organisms of cultivated soils (Jaiti et al., 2008; Yahyi et al.,
2007; El Modafar et al., 2006; Bouizgarne et al., 2006). It
constitutes, just alone, 40–70% of the total fusariosis ﬂora. It
18 N. Boussalah et al.was represented with an ensemble of variable forms in terms of
morphologic and physiologic views. The behaviors of these
forms appear as saprophytes as well as parasites in different
plants. Among the last forms, different rates of virulence can
be presented. The number of pathogen forms of F. oxysporum
is estimated at 80 forms, some of them were capable of produc-
ing a plant disease for more than one plant family such as
F. oxysporum f.sp. apii (Lori et al., 2008; Pantelides et al.,
2009; Paparu et al., 2008; Thangavelu et al., 2004; Fravel
et al., 2003) which attacks celery and pea, F. oxysporum f.sp.
vasinfectum (Schenk et al., 2009; Alabouvette et al., 2009; De
Waele and Elsen, 2007; Pedras and Ahiahonu, 2005; Sharma
et al., 2001) which attacks cotton, tobacco and alfalfa,
F. oxysporum f.sp. lycopersici (Govindappa et al., 2010;
Alexander et al., 2009; Cummings et al., 2009; Van Der Does
and Rep, 2007; Haas and De´fago, 2005) which attacks toma-
toes and F. oxysporum f.sp. melonis which attacks melon.
The F. oxysporum f.sp. albedinis (Bautista-Ban˜os et al., 2006;
Daboussi and Capy, 2003; Armengol et al., 2005; Weller
et al., 2002; Gordon and Martyn, 1997) and the F. oxysporum
f.sp. cubense (Weyens et al., 2009; Stukenbrock and McDonald,
2008; Fierro and Marti´n, 1999; McDonald and Linde, 2002;
Lodewyckx et al., 2002; Al Bay et al., 2010; El Kodadi et al.,
2007; Waring et al., 2002) which are causal agents of the
vascular fusariosis wilt (Bayoud: it is another word for
F. oxysporum f.sp. albedinis but it is known in Morocco as
Bayoud) of the palm tree and the fusariose of banana tree,
respectively, represent the two most serious diseases. RegardingN N
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Scheme 1 Structure othe antifungal activities, we report our contribution to this
subject by testing new synthetic molecules and their precursors
(Scheme 1) for toxicity against the growth of two microorgan-
isms: F. oxysporum f.sp. albedinis and the budding yeast
Saccharomyces cerevisiae yeast (Rawsthorne and Phister,
2009; Cebollero and Reggiori, 2009; Robinson and Erasmus,
2009; Tamaki, 2007; Bowers and Stevens, 2005).
2. Experimental
2.1. Apparatus
The 1H NMR spectra and 13C NMR spectra were recorded on
a Bruker 300 (operating at 300.13 MHz for 1H, 75.47 MHz for
13C in CDCl3) spectrometer. Chemical shifts were listed in ppm
and were reported relative to tetramethylsilane. The IR spectra
were taken using KBr discs on Mattson Genisis FTIR. The
mass spectra have been obtained on a Micromass LCT.
2.2. General method for synthesis of ligands
Diethylisopropylamine (1.96 g, 17 mmol) was added to the sus-
pension of the amine ester hydrochloride (15 mmol) in 40 mL
of anhydrous DMF or CH3CN. The mixture was stirred under
nitrogen for 5 min and a solution of (3,5-dimethyl-1H-pyrazol-
1-yl)methanol (3.8 g, 30 mmol) in anhydrous DMF or CH3CN
(50 mL) was added dropwise. The reaction was allowed to stir
from four to six days under nitrogen atmosphere. The mixtureCH3
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Antifungal activities of amino acid ester functional pyrazolyl compounds against Fusarium oxysporum 19was dissolved in 30 mL of water and the compound was ex-
tracted by diethyl ether. The organic layers were washed with
saturated brine solution, dried over Na2SO4, ﬁltered and con-
centrated to yield the oils which were put in vacuum
desiccators.
2.3. Characteristic of methyl 2-(bis((3,5-dimethyl-1H-pyrazol-
1-yl)methyl)amino)-3-(1H-indol-3-yl)propanoate: P7
Orange oil; yield = 75%; 1H NMR (CDCl3): 1.99 (s, 6H, CH3-
Pz); 2.21 (s, 6H, CH3-Pz); 3.10–3.17 (dd, 1H, J= 6.92 Hz,
C21H); 3.32–3.39 (dd, 1H, J= 6.62 Hz, –C21H); 3.51 (s,
3H, –OCH3); 4.13 (t, 1H, J= 7.38 Hz, –C
22H); 5.07–5.20
(two doublets, 4H, J= 13.64 Hz, C(1)H(a), C(12)H(a),
C(1)H(b), C(12)H(b)); 5.77 (s, 2H, –C4H); 6.69 (d, 1H, J=
2.20 Hz, –C13H); 7.06 (t, 1H, J= 7.02 Hz –C17H); 7.15 (t,
1H, J= 6.98 Hz, –C18H) ; 7.29 (d, 1H,J= 8.15 Hz, –C16H);
7.42 (d, 1H, J= 7.98 Hz, –C19H); 8.39 (s, 1H, –NH). 13C
NMR (CDCl3): 173.12 (C
23); 146.97 (C5 and C7; C–CH3);
139.65 (C2 and C10; C–CH3); 136.76; 128.12; 118.9; 120.18;
122.67; 112.34 (C20, C15, C16, C17, C18 and C19); 123.76(C13);
109.87(C14); 105.94 (C4 and C9; CH-Pz); 71.48 (C22); 61.52
(C1 and C12; N–CH2–N); 51.97 (C
24; O–CH3); 24.70 (C
21);
13.55 (C6 and C8; C–CH3); 10.59 (C3–C11;C–CH3). IR (KBr,
cm1): 3052–2918 (mC–H); 1731 (mC‚O); 1666–1458 (mC‚N, C‚
C); 1379;1304; 1194 (mC–O);1171; 1114 (mC–N); 1109; 1063;
1031; 979; 797 (dC–H); 742. MS (Electro spray): 434.48
(100%); 338.56 (50%); 326.61 (65%); 230.85 (40%); 213.59
(95%); 192.55 (30%); 181.84 (25%); 101.91(15%).3. Results and discussion
3.1. Chemistry
New functional pyrazolyl derivatives P1–P7 were prepared,
respectively, by condensation of two equivalents of (3,5-di-
methyl-1H-pyrazol-1-yl)methanol 1 (Dvoretzky and Richter,
1950; Touzani et al., 2003; Touzani et al., 2001; Garbacia
et al., 2005; Bouabdallah et al., 2007; El Kodadi et al., 2008;
Touzani et al., 2011) with one equivalent of amino acid ester
hydrochloride derivatives E1–E7 (commercially available) in
anhydrous solvents. All reactions were carried out at room
temperature under stirring for 4 to 6 days and under inert
atmosphere. The compounds from P1 to P6 were already de-
scribed and published (Boussalah et al., 2009) whereas P7 is
a new one (Scheme 1). The proton NMR spectrum for P7
was similar with that reported in the literature (Scarpellini
et al., 2005; Roh et al., 2001; Spadoni et al., 1992; Zumbuehl
et al., 2009; Manriquez et al., 2009).
3.2. Antifungal activities
The activities of the compounds E1–E7 and P1–P7 were deter-
mined by the agar techniques (Carrod and Grady, 1972). The
yeast ofS. cerevisiae was realized in a Sabouraud solid medium
mixture (2% of glucose, 1% pentane type I and 2% agar–agar)
whereas, the F. oxysporum f.sp. albedinis which was isolated
from a date palm which was touched by the vascular Fusarium
prepared in PDA (potato dextrose agar) medium at 37 g/L.
The agar media were incubated (at 28 C) with the microor-
ganisms and a solution of the tested compound in DMSO/EtOH (50/50) and then added to different concentration in
the culture media. The growth is followed by counting of cell
lines for yeasts and by a measure of the diameter of the mecy-
lium for Fusarium. The percentage of inhibition of a molecule
is equal to the report of the number of cell lines or the diameter
of the mycelium of the culture in the presence of a dose of the
tested compound on the number of colony or the diameter of
the mycelium of the culture witness multiplied by 100. The
minimum inhibitory concentration (MIC) is the lowest concen-
tration of antimicrobial agent which inhibits the growth of the
microorganism. The determination of the MIC involves a
semi-quantitative test procedure which gives an approximation
to the lowest concentration of an antimicrobial needed to pre-
vent microbial growth. In the recent past, the method used
tubes of growth broth containing a test level of preservative,
into which an inoculum of microbes was added. The end result
of the test was the minimum concentration of antimicrobial
which gave a clear solution, i.e., no visual growth. The various
tested compounds show different inhibition actions against
the two studied microorganisms’ growth. The degree of
this inhibition varies from a microorganism to another. In
Tables 1 and 2 we report the rate of the inhibition of the
growth ofS. cerevisiae yeast (expressed in percentages compared
with the blank culture), in different concentrations from 0 to
480 mg/L for the amino acid ester hydrochlorides or their
tripodal pyrazolic homologs.
In Tables 3 and 4 we report the rates of the inhibition of the
growth of F. oxysporum f.sp. albedinis (expressed in percent-
ages compared with the blank culture), in different concentra-
tions from 0 to 480 mg/L for the amino acid ester
hydrochlorides or their tripodal pyrazolic homologs.
The different tested compounds, except P1 and P2, showed
an inhibition action against the growth of the funguses: S.
cerevisiae yeast and F. oxysporum f.sp. albedinis. However,
the rate of this inhibition changes from one molecule to an-
other and from one microorgranism to another. The amino
acid ester tryptophane E7 bearing an aromatic indol moiety
was very efﬁcient for inhibiting the growth of S. serevisiae
yeast with an estimated MIC equal to 8 mg/L followed by va-
line, leucine, alanine and phenylalanine with variable MIC be-
tween 20 and 24 mg/L. Whereas the glycocoll amino acid ester
hydrochlorides E1 and E2 which do not have a substituted
asymmetric group, showed a weak inhibition action against
S. cerevisiae yeast with MIC from 60 to 50 mg/L, respectively
(Table 1). By comparing the amino acid ester hydrochlorides
starting materials to their tridentate homologs, we can con-
clude :
(i) A big increase in the tryptophane ester P7 and the phen-
ylalanine ester P3, which is actually a 2.5-fold difference
in MIC (25 vs 10).
(ii) An increase in the alanine ester P5 with MIC equal to
7 mg/L and for valine ester P6 and leucine ester P7 with
MIC equal to15 mg/L, with a twofold difference (7 vs
15).
(iii) A complete decrease for glycine ester P1 and P2
derivatives, without any antifungal activities (Tables 2
and 4).
(iv) The ﬁrst series were characterized by bearing an aro-
matic chain group and the second were characterized
by a hydrophobic carbon chain group, whereas no chain
was borne by the third series (Table 2).
Table 4 Rate of the inhibition of the growth of Fusarium oxysporum f.sp. albedinis according to the concentration of the synthesized
compounds P1–P7.
Product Concentration (mg/L) MIC (mg/L)
00.0 05.0 10.0 15.0 20.0 25.0 50.0 100.0 250.0 500.0
P1 00.0 00.0 00.0 00.0 00.0 00.0 00.0 00.0 00.0 00.0 –
P2 00.0 00.0 00.0 00.0 00.0 00.0 00.0 00.0 00.0 00.0 –
P3 00.0 00.0 00.0 00.0 04.8 07.9 11.9 24.7 69.9 94.7 17.0
P4 00.0 00.0 00.0 00.0 04.8 17.7 33.9 77.9 100.0 100.0 15.0
P5 00.0 03.3 09.8 15.8 27.0 33.8 45.5 54.9 62.9 66.0 03.0
P6 00.0 00.0 00.0 05.6 11.1 10.7 13.7 24.9 57.6 72.3 10.0
P7 00.0 00.0 02.7 13.7 20.7 24.7 29.0 49.5 57.9 66.7 05.0
Table 1 Rate of the inhibition of the growth of Saccharomyces cerevisiae according to the concentration of the commercial
compounds E1–E7.
Product Concentration (mg/L) MIC (mg/L)
00.0 06.0 12.0 18.0 24.0 30.0 60.0 120.0 240.0 480.0
E1 00.0 00.0 00.0 00.0 00.0 00.0 00.0 10.1 16.6 45.7 60.0
E2 00.0 00.0 00.0 00.0 00.00. 00.0 05.2 12.4 20.2 37.9 50.0
E3 00.0 00.0 00.0 00.0 00.0 03.5 15.0 23.4 39.4 87.3 24.0
E4 00.0 00.0 00.0 00.0 04.5 09.7 12.7 30.3 47.8 60.3 22.0
E5 00.0 00.0 00.0 00.0 00.0 13.4 45.3 64.8 82.7 100.0 24.0
E6 00.0 00.0 00.0 00.0 10.4 13.3 22.5 63.8 100.0 100.0 20.0
E7 00.0 00.0 24.5 55.7 73.4 90.8 100.0 100.0 100.0 100.0 08.0
Table 2 Rate of the inhibition of the growth of Saccharomyces cerevisiae according to the concentration of the synthesized
compounds P1–P7.
Product Concentration (mg/L) MIC (mg/L)
00.0 05.0 10.0 15.0 20.0 25.0 50.0 100.0 250.0 500.0
P1 00.0 00.0 00.0 00.0 00.0 00.0 00.0 00.0 00.0 00.0 –
P2 00.0 00.0 00.0 00.0 00.0 00.0 00.0 00.0 00.0 00.0 –
P3 00.0 00.0 00.0 00.0 00.0 00.0 10.2 34.4 59.9 77.6 25.0
P4 00.0 00.0 00.0 00.0 03.3 07.7 33.9 67.9 90.5 100.0 15.0
P5 00.0 00.0 06.7 13.8 25.0 43.4 45.1 64.3 67.7 96.3 07.0
P6 00.0 00.0 00.0 00.0 05.1 10.5 18.9 24.9 77.6 91.5 15.0
P7 00.0 00.0 00.0 03.9 11.7 34.7 39.0 57.3 57.3 62.8 10.0
Table 3 Rate of the inhibition of the growth of Fusarium oxysporum f.sp. albedinis according to the concentration of the commercial
compounds E1–E7.
Product Concentration (mg/L) MIC (mg/L)
00.0 06.0 12.0 18.0 24.0 30.0 60.0 120.0 240.0 480.0
E1 00.0 00.0 00.0 00.0 00.0 02.1 03.4 11. 36.6 55.7 28.0
E2 00.0 00.0 00.0 00.0 00.0 05.6 10.2 1 30.2 47.9 27.0
E3 00.0 00.0 00.0 00.0 03.7 10.5 55.8 19. 79.4 85.9 18.0
E4 00.0 00.0 00.0 00.0 04.5 09.7 12.7 4 47.8 60.3 22.0
E5 00.0 00.0 00.0 00.0 14.3 23.4 55.7 73. 80.3 97.9 20.0
E6 00.0 00.0 00.0 00.0 10.4 17.3 42.5 3 90.7 100.0 20.0
E7 00.0 03.0 37.2 65.7 85.4 100.0 100.0 100.0 100.0 100.0 03.0
20 N. Boussalah et al.(v) The presence of asymmetric carbon in the backbones of
the tested products P3-P7 may be necessary in the inhi-
bition of the growth of the two microorganisms.
The amino acid ester hydrochlorides and their bipyrazolic
homolog compounds have shown an effect on the growth ofthe F. oxysporum f.sp. albedinis similar to those observed on
the yeast with a weak MIC (Tables 3 and 4). This shows that
these products were very efﬁcient against the Fusarium. Under
the non protonic form, the amino acid ester derivatives tra-
versed the cell membrane via simple permeation and were
caught via protonation and hydrolyzed in the lysosome. These
Antifungal activities of amino acid ester functional pyrazolyl compounds against Fusarium oxysporum 21compounds have a behavior like that of activated prodrugs via
the proteases lysosomics of the cell (Chauviere-Ramazeilles,
1990). The accumulation of amino acids which were liberated
can lead to the osmotic lysis of principal organelles such as the
lysosomes of eukaryote cells similar to the yeast. The differ-
ence between action of the amino acid esters hydrochloride
and their bipyrazoles homologs against the two microorgan-
isms may be explicated by the rate of permeation of these com-
pounds via the cell envelope and or their afﬁnities for the
lysosomal proteases. The mechanism of this remarkable pro-
cess has yet to be determined, but we do not have enough evi-
dence to suggest an intriguing reaction pathway. In conclusion,
we have tested antifungal activities of a new variety of tripodal
pyrazole functional compounds and their amino acid esters
hydrochloride starting materials against yeast cells of S. cere-
visiae and Fusarium f.sp. oxysporum Albedinis. The structural
and the electronic diversity of these products affected their bio-
logical activities. Further developments on this subject are cur-
rently in progress to understand their mechanistic interactions.Acknowledgment
The authors would like to thank la Commission Universitaire
pour le De´veloppement (CUD, Belgium) for its support.
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